Resumo
Introduction.
This paper presents theoretical and empirical research on the term structure of interest rates in the short run for Argentina from June 1977 to June 1982, a period in which these were mar ket determined. The role that inflationary expectations play in the determination of nominal rates of interest on financial assets (time deposits) of different maturities is assessed within the well known Fisher Hypothesis (FH) and Expectations Theory (EH) of the Term Structure. The Expectations Theory asserts that the nominal rate on an n-period bond with no coupon payment can be decomposed, as an approximation! into the average of expected one-period nominal rates of interest over the span of life of the in strument.
Utilizing the Fisher Hypothesis allows a decomposition of the n-period rate into the average of expected changes in the inflation rate and ex-ante real rates. The expectations that market par ticipants form about future nominal rates and infl ation rates are said to be rational in the sense that given a structural model for the economy with a specified stochastic structure, economic agents anticipated values of those variables correspond to the conditional value obtained from the model.
The Expectations and Fisher Hypothesis together with the assumption of rationality of expectations imply a set of nonlin ear restrictions among the parameters of the multivariate fore casting system utilized to approximate the market expectations. It is shown that the Expectation and Fisher Hypothesis can be independently evaluated within the same forecasting model and combined in a simple manner to yield a restriction on changes in the long rate expressed as the average of expected changes in the inflation rate.
Evaluation of the set of nonlinear constraints implied by the above hypothesis is one of the main objectives in this paper. The forecasting model with no restrictions is called the "unrestricted model" or model under the alternative hypothesis, and when the nonlinear constraints are incorporated and assumed to be valid, it is called the model under the null hypothesis or "restricted model". The simpler approach does not require estimation of the restricted model and the constraints are evaluated by means of the Wald statistic using the estimates from the unrestricted model. The paper has been estructured in the following way: sec tion 2 presents the Expectation and Fisher Hypothesis. Section 3 delineates the set of restrictions implied by the EH and FH and the test procedures. Section 4 details the results of estima tion and testing the multivariate models and conclusions. The test statistics employed favored the acceptance of the EH and FH hypothesis at conventional significance levels. In particular, the representation of the change in long rates as the simple aver age of the changes in expected inflation rates seemed appropriate in spite of the stronger assumption utilized: namely, the Fisher Hypothesis. Moreover, when other variables such as alternative definitions of the money stock were utilized in the multivariate system the main conclusions were not changed. Thus, for this particular sample and model it was not possible to reject these hypothesis categorically. Other models or alternative stochastic representations could, of course, yield different results and this would seem a fruitful avenue of further research.
The Expectations and Fisher Hypothesis.
2.1. The Expectations Hypothesis of the term structure of interest rates.
The pure version of the expectations hypothesis (EH) , states that holding to an n-period bond may be regarded as identical to holding to n consecutive one-period bonds. Support for the hypothesis is based on the presence of market participants who are willing to arbitrage profitable opportunities and thus bring into equality the forward rates implicit in long term bond� with the short term rates expected to prevail in future periods. The relationship among long term rates, short term rates and forward rates can be approximated with the following well-known formula:
where Rn,t denotes the long term rate corresponding to an n period bond that carries payments, R',t is the one period (short term) rate and tFt+i is the forward rate at time t for period t + j. The definitional equation (1) yields testable implications when it is hypothesis, as in the expectations hypothesis, that the forward rates represent the expected short term rates in subse quent periods. To implement empirically the theory, and to char acterize further the expectations that market participants hold, the Rational Expectations hypothesis ( RE H) will be imposed.
This hypothesis states that, in forming expectations of the endongenous variables, market participants will take into account the form in which variables are related according to economic theory ( Muth (1961) If the monetary standard were always stable with reference to goods, the rate of interest, reckoned in terms of money, would be the same as if reckoned in terms of goods. When, however, money and goods change with reference to each other-in other words, 1 When allowing for liquidity premiums, forward rates will not be unbiased predictors of future short term rates, since, where tL t +J represents the liquidity premium. Since liquidity premiums may be variable over time, testing of alternative theori es of the term structure will become more complex as they will be composite in nature. See Richard Roll (1970, Chapter IV). when the money standard appreciates or depreciates in value in terms of goods-the numbers expressing the rates of interest, one reckoned in terms of money and the other in terms of goods, will be quite different. Moreover, the former, or money rate, the only rate quoted in the market, will be influenced by the appreciation or deprecia�ion.
In algebraic notation,
where r; is the equilibrium real rate at time t and Pt' is the ex pected inflation rate between t and t+ 1. To add empirical content to the theory, the following two maintained hypothesis have been usually introduced: (i) that expectations of inflation are rational, and (ii) that the ex-ante real rate is constant,
The assumption of constancy of the real rate, although con venient, is by no means the most realistic assumption and has raised a great deal of controversy.2 3. The Expectations and Fisher lj:ypothesis as restric tions on the fo recasting model.
As shown above, long rates can be expressed identically as an arithmetic average of the short rate and forward rates. To ' trans form the identity into a testable hypothesis it was asserted that forward rates represented the expected future short rates assessed by market participants at time t. Furthermore, according to the Fisher hypothesis, short rates can be decomposed as the sum of an expected real rate plus an assesment of the one period inflation rate, consequently, forward rates would be unbiased predictors of short rates in the absence of liquidity premiums, but biased pre dictors of the expected inflation rate given the presence of the real rate.
The apparent non-stationarity behavior of the nominal rate of the various maturities on time deposits might result from non stationary behavior of the real rate. Among other possible non stationary representations, it will be argued here that the expected real rate of interest displays a random walk behavior.
Since R1,t = r� + tPt+l1 where r;: expected real rate, tPt+l: expected inflation rate and ri = rf_1 + v, with E(v,) = 0 and E( v' v,) = {72, for t = sand 0 otherwise, and E( vdI,-d = 0, then, forecasts of the expected real rate are trf + j = rf for any j ?: O . The short rate at any j t h period is, R1,t+i = ri +i +t+i Pt+i+1 and the marketS expected value at time t is, tR1,t+i = rf + tPt+i+l since ,F'+i = ,RI,'+i' and replacing in the identity for the long rate, Rn" (1), then,
Rn" = (lin) * (,P,+! + ... +, P'+n) + r 1 (4)
First differencing the above expression,
where D is the first difference operator, and v, is stationary by assumption; this does provide for a rationalization of a disturbance term in the equation for the long rate in the forecasting system to be presented later. Furthermore, taking conditional expectations on both sides of the above expression on a subset of Itl namely 1 t-1 containing past information available to the econometrician in the form of past short rates, long interest rates and inflation rates, then,
since '-IV, = 0 by assumption. That is, the expected changes of the long rate conditional on 1,-1 can be equally explained by the simple average of the forecasts of the inflation rate conditional on that same information set.
If the market, or true, expectations were obtained from a linear structural model on the information set I" the expectation would also be linear on that information set, though nonlinear in the parameters of the structural system, since these expectations are derived from the reduced form of the model. Utilizing optimal linear forecasts to proxy for those expecta tions, a linear regression on the left hand side of the equation (6) is obtainedj i.e., t-1DRn , t Xit_ l is one element of the information set 1t_1 and the vector of coefficients b = (b" b2, ..• ) must obey the behavior of the forecasting coefficients on the right hand side of the equation; i.e., x�b == x�B, where B is a vector whose elements are non linear in the coefficients of the forecasting model used to obtain t-1DPt+j,j = J,' " ,no Note also that following a similar line of reasoning, t-,DR' , t t-1DPt+ l' Expected changes in the nominal rate of interest are in a one-to-one relationship with expected changes in the one-period ahead inflation rate conditional on the same information set. This relationship is the Fisher Hypothesis in first differences. It is ba sic relationship that allows the decomposition of the change in long-rate as the average of expected changes in the inflation rate.
Next, using, the approach presented in Sargent (1979) it will be shown that the nonlinear relationship among the parameters of the forecasting model implied by the expectations hypothesis, formulated in terms of the average of the expected changes in the short rates, can he expressed as: t-1DRn , t or in terms of averages of expected chariges in the inflation rate:
t-1DRn , t with the Fisher Hypothesis connecting both in the form (9) To facilitate the testing of the restrictions a trivariate vector autoregression in first differences is presented for the short rate, long rate and inflation rate.
Consider the following multivariate system of equations,
where the vector of disturbances Ut = (Ul,t, U2,t, U3,t)' has first and second moments of the form, E(u,) = O,E(u,u�) = I: for t = sand 0 otherwise. Utilizing the state-space representation, system (10) can be cast as a first-order multivariate equation in first differences, DR, =A.DR,_l+U, DR, = (DR 1 ,,'" DR 1,'_m, DP,··· DP'_m, DR.,,'" DR.,'-m) '
where m is the number of lags and
Define also the following unit vectors e,
Forecasts of the vector DR, for any jll' period, conditional on the information subset which includes lagged values of DR1", DRn" and DPt, is,
Premultiplying by any of the unit vectors e will yield a fore cast of the variable of interest. For instance, premultiplying ex pression (12) by el on both sides yields the expected short rate at t -1 for period t + j which depends on all variables of the forecasting model dated t -1.
The restriction implied by the EH as an average of future short rates is obtained by replacing the forecasts (13) in expression (7) and then equating to the systematic part of '_IDRn,,; e3.A, DRt -11 which.yie!ds,
When the long-rate is expressed as an average of the changes in the expected inflation rate, the restriction in terms of parame ters of the model can be obtained in a similar fashion by premul tip lying the vector of forecasts by the unit vector e, and equating to the systematic part of D Rnt which gives the expression Notice that the Fisher Hypothesis implies a restriction of the form} el * A. DR'_I = e, * A'. DR'_I (9') following a similar procedure. Furthermore, the restriction in (8') can be derived directly from el .A' = (el .A).A if the restriction in (9') is inserted in (7').
Econometric implementation of the theory.
The choice of an appropriate forecasting model involves sev eral steps, the first being the selection of variables whose relation ship is useful in the sense of providing the most accurate predic tions of the relevant variable. Theoretically, the most advisable procedure would involve the specification of a structural model and them testing the restrictions within its framework. From the practical point of view I such estimation could be extremely complicated. Thus, an unrestricted multivariate autoregressive model was estimated employing those variables expected to carry useful information in the short run and which are publicly avail able to market participants forming their expectations at time t: namely interest rates of the various maturities, the inflation rate and money growth rates.3 3.2. Tests of the restrictions.
The choice of the appropriate test (likelihood ratio-LR-, the Lagrange multiplier test -LM-and the Wald test -W-) depends on its relative advantage with regard to the necessary computational work in estimating the models under the null or the alternative hypothesis.
Computation of the LR requires that the system be estimated under both hypothesis, while implementation of the Wald test requires estimation under the alternative hypothesis.4
Restrictions arising from the EH and FH involve nonlinear estimation of the resultant model. Thus it appears that if one is not interested in obtaining the restricted estimates, per se, a more convenient approach is to use the Wald test which requires estimation only under the alternative (linear) hypothesis. This is the methodology taken in this paper. Let's denote by g,(O) = ea *A -(l/n)e, * (A+.·· + An) = 0 and by g2(O) = e, * A -e 2 * A 2 = 0, the restrictions in implicit form, corresponding to the EH and the FH respectively, and by ga(n) = ea * A -(lin) * e, * (A2 + ... + An+') that resulting from combining the EH and the FH.
Assuming the vector of 01,8 coefficients is asymptotically normally distributed, the Wald statistic will have a X 2 limiting distribution. Its mathematical expression is, where q denotes the number of restrictions, 0) indicates, � is define the product-moment matrix of the regressors used in esti mating system (10). April 7, 1990n is the vector of parameters from the autoregressive model, and Di is the matrix of first derivatives of the constraint with respect to all the parameters in A valued at n = n.s 4. Empirical results.
Estimation of the autoregressive models.
Using monthly data for the period June 1977-June 1982, this section presents estimation results for the multivariate systems of the form (x" y" z,) as well as tests of the restrictions (7-9).
The variables used in the estimation of the forecasting sys tem are: Rl,tl Ra,t and R6,t which are respectively the nominal monthly rates on unregulated time certificate deposits, etc. 30, 90 and 180 days at financial institutions. Source: BCRA. P, is the wholesale price index. Source: lNDEC.
Ml is measured as currency plus demand deposits, and M2 includes savings and time deposits. Source: BCRA.
Because market determined interest rates on time certificate deposits are available only for a short time span for all the ma turities (30, 90 and 180 days) considered in this paper, it has been difficult to determine an appropriate degree of differencing to correct for non-stationarity. Two aspects are of concern in this matter. First, when the sample size is not large, the autocorre lation function decays too rapidly to be in agreement with that of a non-stationary process. Second, the differencing of the se ries a dissimilar number of times tends to distort the relationship between them. Statistical tests performed on the interest rate equation have produced evidence which suggests first differencing of the interest rate series.' Consequently, I will present the set of 5 Calculation of the derivatives could be performed numerically or analyti cally. I have adapted a procedure utilized by Baillie (1983) for testing market efficiency in the foreign exchange market that allows the computation of an alytical derivatives. The Appendix shows how Di can be calculated using a simple recursive procedure. 60ne approach is to examine the eigenvalues of the systems. The largest of the eigenvalues should be stationary. When an AR(2) representation was estimated in levels, the largest of the moduli was generally close to one, in dicating the non-stationarity of the system. In a second approach, univariate AR( l) representations for the nominal rates of interest R1t, R3t and Fist were fitted in levels and with a constant term included; i.e., models of the form Xt = ao + U1Xt_l + U2(Xt_l -Xt_ 2 ) + Vt • Vt white noise. To test for results in first differences, which are indeed stationary and are to be interpreted as acceleration rates.
When estimation of the unrestricted system was performed an AR(l) representation for the systems (DRlt, DP"DR3 , ,) (DRlt, DP" DRs , ,) likelihood ratio tests.
Estimates for the above systems are shown in Table 1 . The standard errors of the coefficients for each of the equations show that the regressors have low explanatory power in general, though the diagonal coefficients seem to be more significant. The diag onality feature would indicate that each of the series could be explained by its own past alone.7
To evaluate the system as a whole, a Wald test was computed corresponding to the null hypothesis that all coefficients in the system were insignificantly different from zero; for both systems the hypothesis was rejected at a one percent significance level.
Stationarity requires that the eigenvalues of the state-space matrix be less than one in modulus, and this seemed to be the case for both systems. Constant terms were statistically insignifi cant which, combined with the stationarity feature of the system, would indicate that the expected value of the acceleration rates is zero. Interestingly, the equation for the inflation rate suggests that accelerations in the inflation rate reverse themselves (though not completely) since a one percent change in the inflation rate in period t -1 is followed by a reduction of almost half a point in the subsequent period, ignoring changes stemming from other variables in the system.
Other statistics in the tables are used to indicate for possible 1The insignificant coefficients for the lagged values of the changes in the short and long interest rates are most likely due to the presence of multicollinearity, since the correlation coefficient for both variables is in the order of 0.93. misspecification in the model. First, no important seasonality effects appear to stem from the price series for this particular sample period, since the correlation coefficient at the 12th lag (r(12)) is statistically insignificant in all cases. Second, the overall Portmanteau statistic indicates that the null hypothesis of a white noise residual for each of the equations is accepted at conventional significance levels.s Tables 2 and 3 show estimation results for the systems (DR"" DP" DM i , ,), i = 1, 2, which combine monetary and in flationary effects and neglect long-term rates as explanatory vari ables in the system. These systems can be viewed as special cases of a set containing lagged long rates and upon which a causality structure stemming from short rates, inflation rates and money growth rates to long rates has been imposed on a system which includes the latter.
Since our concern is to determine which definition of the money stock is more adequate for forecasting purposes, a choice must be made according to some prespecified criteria. The AIC criteria provide an acceptable approach, and for these particular systems the AIC is minimized for the M2 definition of the money stock.
Inclusion of monetary aggregates does not appear to affect the significance of the stochastic system. Comparison of the stan dard errors of the regression for each of the equations (other than differences in the money growth rates) in Table 1 , 2 and 3 indicates that these are not substantially altered with the inclusion of the money stock definitions after deleting lagged long rates. Finally, the lagged one-period interest rate appears to be statistically sig nificant in equations 1, 4 and 5 in Tables 2 and 3 , highlighting the strong correlation among the lagged pairs (DR"" DR3,,) and (DR"" DR6, ,). Seasonality effects appear to have been well ac counted for by the seasonal adjustments procedure since the 12th autocorrelation coefficient is insignificant in all cases.9
Interpretation of the coefficients of the systems is difficult since no structural model has been specified to anticipate, in prin8The Q-Portmanteau statistic is distributed as a chi-square with 9 degrees of freedom., The critical values for 0.05 and 0.01 significance levels are 16.9 and 21.7 respectively. ciple, their size or their sign. Notwithstanding, interesting obser vations can be made by applying some of the simple restrictions arising from theory.
First, if the expectation theory is correct, the impact of changes in the one month interest rate should be smaller the longer the maturity, since the long rate averages out changes stemming from the expected short rates. Therefore, the unrestricted coeffi cients on the lagged short interest rates should tend to decrease as maturity is increased. This appears to be the case for equations 3 and 6 in Table 1 and less so for equations 4 and 5 in Tables 2  and 3 . This is a crucial point in the testing of the restrictions, since the forecasting coefficients implied by the expectations hypothesis would display smaller values the longer the maturity and such a result would support the theory.l0 This is, in essence, the argu ment sustained by Modigliani and Shiller (1973) .
One additional aspect, though not formally tested, concerns the relationship among the variances of the interest rate for the dif ferent maturities. Since long rates are averages of expected short rates, the variance of the former should be smaller than that of the actual short rates according to the expectation theory as shown by 10 The forecasting coefficients that would results from the expectation hypath· esis alone are (lIn) * el(A + A 2 + . . . + An) == (0.1817,0.004, -0.003) for the system (DRl ,t I DPt, DM1,t). Compared to the UlU"estricted coefficients stem· ming from the equa.tion for DR3t == (0.21082,0.01214, -0.1057) these would appear to be similar in patterns of signs and size, i.e., a larger coefficient for the changes in the inflation rate and the money growth rate. The table below shows the forecasting coefficients corresponding to the expectation hypothesis for the models shown in Tables 2 and 3. Shiller (1978) and LeRoy and Porter (1981) ". The coefficients of variation (CV) for RIt, R3tandRst seem to be in agreement with the theory, since CVa(R lt) > eV(RT3,) > eV(Rst).t' Likewise, the one-period nominal interest rate displays a smaller variance than the actual inflation rate, which is also true for their first differences. A plausible explanation is that the nom inal rate of interest, Fama (1975) Tables 2 and 3 . ll The formal test under this approach is not complete, in the sense that the permissible bounds will depend on the parameters of the forecasting system. See LaRoy and Porter (198O) . 1 2The table below shows the sununary sta.tistics for computing the coefficients of varia.tion for the period June 1977wJune 1982.
variance than the variable it is trying to predict. This, however, is only one of the properties that one would ask from a predictor; the other requirement is unbiasedness.
Tests of the restrictions.
The restrictions arising from theor :,: are reproduced below for convenience:
(i) e3*A =(1/n) *"I *(A+···+An) (ii) e3*A =(1/n) *e 2 *(A 2 +·.·+An+l ) (iii) el * A = e 2 * A 2 Table 4 shows the Wald tests, the computation of which needs only the estimation of the unrestricted systems DR1", DP" DR.;,), i = 3, 6 shown in Table 1 . Table 5 shows the Wald tests for the systems shown in Tables 2 and 3 .
Since all the systems estimated have an AR (1) representation and the restrictions apply to one of the rows of the 3 x 3 matrix A, the Wald test is asymptotically distributed as a chi-square with 3 degrees of freedom under the null hypothesis. The following comments summarize a close examination of the results. I) In all cases, the hypothesis are accepted at conven tional significance levels, except for restriction (I) corresponding to the system (DR1", DP" DR3 , ,) about the inflation rate are incorporated in the form indicated by the Fisher hypothesis, restriction (II) is accepted in all cases; thus the role of expectations in the determination and movements of the short and long rates is highlighted.
2) The definition of money stock used does not significantly affect the conclusions; for both, MI, and M2, the value of the Wald test increases for the six-month maturity, though it is not possible to assert from these facts that the hypothesis would be rejected if longer maturities were available. This is illustrated in Table 5 for the systems esti mated in Table 2 and 3.
Conclusions.
The objective of this study has been the assessment of the role that inflationary expectations have played within the expectations hypothesis of the term structure. In doing so, a forecasting model was formulated and the restrictions arising from the Fisher and the expectations hypothesis were tested.
Though it is difficult to provide for an interpretation of the in dividual coefficients of the estimated unrestricted systems it has been possible to isolate some of the features that would accord with the predictions stemming from the theory: namely, that the forecasting coefficients show a declining pattern which is consis tent with estimates of the unrestricted coefficients and secondly, the variances of the nominal rates are inversely related to the maturity of the financial asset.
When the restrictions (I-III) were formally tested by means of the Wald tests, these have supported, in most cases, their accep tance at conventional significance levels. Moreover, the tests seem to favor the acceptance of the restriction (II) even more strongly in spite of the stronger assumption being sustained. These results were not substantially altered when alternative definitions of the money stock were incorporated in the multivariate system.
The approach followed here has relied on the time behavior of interest rates of the various maturities by approximating the way in which expectations are formed by means of multivariate time series techniques. Similar results utilizing statistical meth ods such as those discussed by Shiller (1982) , Leroy and Porter (1981) are not guaranteed. In order to complement the present analysis� further avenues of research may include aspects which relate to the implementation of the monetary policy and the op erating characteristics of the financial institutions. Secondly, the high and variable inflation rate observed during the period may be indicative that the issue of uncertainty about the expected infla tion rate be analyzed Hartman and Makin (1982) , Kochin (1980) , since the Fisherian relationship is altered with consequent effects on the term structure of interest rates.
Appendix A: Analytical Derivatives of the Constraints
The calculation of the derivatives of the restrictions required some minor modifications of a procedure presented by Baillie (1983) .
For a trivariate system of the form (3.4) and unit vectors e! , e2, e3, of size 3m, where m is the number of lags. It can be shown that for a functional form of the type: h(n) = el *A' where n is the set of all elements of A The relationship between 8 ( el * A k )/on = Dk A k -l )/iin = DL I can be shown to be of the form.
A k_ I -j ]
A k-1 -j A· -1-j and o(el * For instance, the size of Dk will be 9 x 3 if A is a 3 x 3 matrix, and I, and 0 are the 3 x 3 identity and null matrices respectvely. Using the results shown above, the Matrix D that appears in the Wald Statistics for the restriction g,en) = (lin) * e, * (A + ... + An)-e3*A D = 8g(n)l&n =-(D; + ". + D� ) * (lin) - [ � ] Similar calculations can be performed for the constraints im plied by the Fisher Hypothesis.
